Number of physically interesting processes is characterized by the rapidity gaps. In reality, this gaps is filled by underlying events with high (more than 0.75 for higgs) probability. In this paper we purpose a way to detect this shadowed events with aim to raise the number of rare events.
General case
Let us consider the abstract model for processes which is going throw the fusion of colorless objects, which results to gaps if there is no re-scattering, and some sign object, independent of gap. The last one can be high momentum p t jet or system of rare particles or something else, which can be detected independently of gap.
Diagram of such process in the case of the absence of re-scattering is marked as A 1 on Fig.1 . Corresponding pseudo-rapidity distribution of particles is marked as A. Bold arrow marks signal object.
In the case of soft re-scattering (diagram B 1 on Fig.1 ) produced pseudo-rapidity distribution of particles has no rapidity gap which is usually distinguishing interesting process from the processes of the type B 2 . The process B 2 have no physical interest by our assumption. So, soft re-scattering fill the signal gap, and probability of the such suppression is high, from optimistic estimation 0.85 to pessimistic 0.99 (see Ref.3 for details). Another source of suppression is pile-up events with more than one inelastic interaction occurs in one bunch-on-bunch collision.
Let's compare diagrams A 1 and B 1 on Fig.1 . To separate them from each other, usually we use the fact, that the signal diagram contains rapidity gap, but the background diagram contains no rapidity gap, but signal rapidity gap is highly suppressed, as shown above. We can reformulate peculiarity of the first (signal) process to the form, that there is two 'humps' on the plateau. This peculiarity is not suppressed by soft re-scattering, because pomeron cuts produce plateau-like distributions on the pseudo-rapidity diagrams (this fact is not trivial, but it is well experimentally tested). So, after re-scattering we see two 'humps' on plateau again, but plateau is up by pomeron differential multiplicity dn dη depending on √ s, but not on η. We purpose to examine processes producing the pseudo-rapidity distribution C on Fig.1 , where there are two 'humps' on the both sides and plateau containing signal object. This situation is differ from the situation B, because we know, that some gap is produced. Generic processes is divided to two classes. At first, we have process C 1 , containing colorless produced signal object, and C 2 where signal object is produced by color states (usually gluons). Inclusive production in C 1 of the signal object is more probable, than exclusive one in B 1 , but process C 2 is less probable, than B 1 . So, if situation B is usually produced by color production of signal object, situation C is more probably produced by the colorless production of the signal object, and we can derive interesting results from this difference.
The same arguments is applicable in the case of pile-up events, we have only to cut re-scattering diagrams B 1 , C 1 , C 2 to get two independent events in each case.
Before we go to the realistic constructions, let's consider the simple model with assumption, that all processes are factorizable.
Let's calculate the probabilities of producing pseudo-rapidity distributions shown at Fig.1 , at given impact parameter of interaction:
(1)
Here P SO color is probability of making signal object by fusion of two color objects, P SO white is the exclusive one by fusion of two colorless objects, P inelastic is the proba-bility of inelastic re-scattering (survival gap probability is P SGP = 1 − P inelastic at given b), P DD is the probability of double diffractive scattering at given b.
Coefficient K is gotten to take into account that probability of producing signal object with 'humps' at resolved η range is not equal to the one without 'humps'. K usually can be calculated because of the hardness of the signal object, for the higgs at LHC case, K is about 3 10.
Strictly speaking, we can calculate P SO white from any of the equations (2), (3), if we know all other quantities, but at reality we don't know P SO color . So, we must exclude P SO color from equations (2),(3) to calculate P SO white :
In general case, equations (2), (3) is non-linear and more complex, but they can be solved to get P SO white without knowing P SO color . We have to mention, that equation (4) (or its generalization in real case) gives us possibility to determine P SO white even if survival gap probability is zero, in the absence of the straightforward process, shown as A on Fig.1 .
Overview of possible implementations.
Our method is complimentary to traditional rapidity gaps method. So, we must have a signal process produced by color singlet exchange in tchannel, and this process must have no or small background as compared with color exchange. Our method improve statistics of rare events, only if this events are produced in most central collisions with low survival gap probability.
Our method have no advantage only in two-photon processes with high (more than 0.95) survival probability. Many of the other physically interesting processes can be detected by our method. In particular, many of the searched particles correspond to our requirements. This is color singlet SUSY particles in MSSM, gravitons in theories with extra dimensions and many others.
In the next section we consider the most investigated process with rapidity gaps, higgs production via W W fusion.
Higgs searching
There are two leading source of higgs at LHC, via gluon fusion and via weak boson fusion. Higgs production via gluon fusion is one order of magnitude large but there are substantial QCD background.
In Refs. [1] , [2] it was proposed to detect W W fusion mechanism via a veto of soft jet activity at central region. Another signals of higgs production via W W fusion are products of higgs decaying, high E t leptons, photons or b-jets.
It was shown 3 , that survival probability for central rapidity gap is low, about 0.01 ÷ 0.15, and, so, our method can be applied.
Let's make brute estimation of applicability of our method to higgs production. The most natural way to detect higgs and to determine higgs mass is to observe differential cross-section dσ dM , where M is the mass of the system high-energetic products of higgs decaying, such as leptons for leptonic decaying modes or b-jets for H → bb decaying mode. To estimate these cross-sections we can assume, that form of profiles of all probabilities at (2), (3) is the same, and we can integrate that equations in b.
Value of
is process-specific, it is defined by higgs decaying channel and by final-state selection procedure. This background cross-section can be estimated as the sum of the background and signal cross sections for the gg → H channel. First one is much larger than second one, so, we can assume that background First addendum in (6) is much larger, than one in (7), but second addendum in (6) is much smaller, than one in (7).
Expected behavior for dσ dM for examined types of events is schematically drawn on Fig.2 .
Direct way to detect higgs from this cross-sections is to multiply dσB dM (upper curve on Fig.2 ) by the factor σDD σtot and to substitute it from dσC dM (middle curve on Fig.2) . If there is no weak boson fusion mechanism of higgs production, result will be zero. In other case, we will get lower curve on Fig.2 , multiplied by the factor 1 S 2 ∼ 10.
Let's discuss advantages and lacks of our method. Proposed type of events is a half-way between gg → H channel and W W → H with rapidity gap channel. As compared with gluon fusion channel, we have suppressed by the factor σDD σtot background and suppressed by the factor
signal. As compared with weak boson fusion with rapidity gap method, we have increased the signal by the factor 1 S 2 and have add some substantial background. Another advantage of our method is possibility of cross-checking, because we investigate all three type of events with only two unknown cross-sections, signal dM . Lacks of our method can be divided to two classes. At first, we add statistical uncertainty, because of 'humps' on plateau can be generated by statistical fluctuations of dn dη . This factor can be easily calculated, but we can not remove this uncertainty.
At second, we have theoretical uncertainty in the soft interactions. We don't know any reliable way to calculate P inelastic and P DD in equations (2), (3) for the signal events. Upper solid curve is for events, then signal object with mass M detected and no 'humps' in resolved η range is presented. Middle dashed curve is for events, then signal object with mass M detected and two 'humps' on the both sides of the signal object is presented. In both cases, there are the plateau of soft particles on the whole η range. Lower dot-dashed curve is for events with signal object with rapidity gaps on both sides.
we don't know, is the probabilities in these equations factorizable or not. This uncertainty can be removed, if we will construct reliable theory of the soft (Pomeron) interactions.
